Neurons and terminals in the ventral lateral portion of the central nucleus of the inferior colliculus (ICCN) of the rat were labelled immunocytochemically with antisera to GABA or to its synthesizing enzyme, glutamic acid decarboxylase. Four types of GABAergic neuron are described: small, medium-sized and large multipolar neurons, as well as medium-sized bipolar neurons. All sizes of GABAergic multipolar neurons are characterized by highly infolded nuclei, many mitochondria and both asymmetric and symmetric axosomatic synapses. A dense plexus of terminals occurs on the proximal dendrites of GABAergic neurons, and most of these terminals form asymmetric axodendritic contacts. Small GABAergic neurons (diameter ~ 15 ~tm) are multipolar, and have a large nucleus to cytoplasm ratio, prominent nucleoli and usually two to five axosomatic synapses per thin section, with the majority of these contacts being symmetric. Medium-sized GABAergic neurons (15-25 ~m in diameter) display both multipolar and fusiform shaped somata, have a more abundant cytoplasm than the small neurons and show about ten axosomatic contacts per thin section: Large GABAergic neurons (diameters > 25 pro) have eccentrically located, highly infolded nuclei, abundant cytoplasm and a denser plexus of terminals that form axosomatic synapses than the other cell types. These results indicate that four of the six major cell types in the ICCN are probably GABAergic inhibitory neurons.
Introduction
Previous studies indicate that GABA is a major inhibitory transmitter in the inferior colliculus (IC). Biochemical studies show that the IC contains high levels of GABA and its synthesizing enzyme, glutamic acid decarboxylase (GAD) (Tachibana & Kuriyama, 1974; Fisher & Davies, 1976; Contreras & Bachelard, 1979) . Iontophoretic application of GABA produces an inhibitory effect in neurons of the IC (Watanabe & Simada, 1973; Faingold et al., 1985) which is enhanced by simultaneous application of the benzodiazepine, flurazepam, or the GABA-uptake inhibitor, nipecotic acid. Also, immunocytochemical studies have described the existence of numerous GAD-positive immunoreactive neurons and processes in the IC at the light microscopic level in rats and gerbils (Roberts et "al., 1984 (Roberts et "al., , 1985a Vetter & Mugnaini, 1984; Mugnaini & Oertel, 1985) . These studies have described a heterogeneous population of GAD-positive neurons in all subdivisions of the IC as well as GAD-positive puncta, which probably represent axon terminals and small transversely sectioned preterminal axons and dendrites. The immunoreactive neurons were identified on the basis of their dendritic orientation and the shape of their somata. Most of the GAD-positive neurons in the IC were small and medium-sized multipolar neurons. Other cell types included large multipolar neurons with somal diameters greater than 25~m and *Present address: Department of Neurology, Massachusetts General Hospital, Boston, MA 02114, USA. tTo whom correspondence should be addressed. 0300-4864/87 $03.00 + .12 9 1987 Chapman and Hall Ltd. medium-sized fusiform neurons (somal diameters between 15 and 25 ~m) with bitufted dendrites that resembled disc-shaped neurons.
Other immunocytochemical studies have localized GAD in lower brainstem auditory nuclei. Both GAD-positive cell bodies and axon terminals have been reported in the cochlear nucleus and the dorsal and ventral nuclei of the lateral lemniscus of the cat (Adams, 1984; Adams & Mugnaini, 1984 , 1985a , in the dorsal cochlear nucleus of the rat (Mugnaini, 1985) and in the superior olivary complex and cochlear nuclear complex of the gerbil, rat and guinea pig (Moore & Moore, 1984; Roberts et aI., 1985a, b; Thompson et al., 1985) . Certain brainstem auditory nuclei may be the source of some of the GAD-positive terminals in the IC because most neurons in the dorsal nucleus of the lateral lemniscus are GADpositive and probably project to the IC (Adams & Mugnaini, 1984; Mugnaini & Oertel, 1985) . Similarly, neurons that resemble projection neurons in the lateral superior olive are also GAD-positive and they may also project to the IC (Moore & Moore, 1984; Roberts et al,, 1985a) .
The purpose of the present study was to examine the electron microscopic features of the GABAergic neurons in the IC of the rat. Recently, we have described the ultrastructural features of six types of neuron in the central nucleus of the IC of the rat as a basis for the present analysis (Ribak & Roberts, 1986 ). The present study has concentrated on a description of GABAergic neurons and terminals in the ventral lateral portion of this brain region. This work is pertinent to our studies on the genetically epilepsy prone rat (GEPR) which displays a significant increase in the number of GABAergic neurons in the IC as compared to the non-seizing SpragueDawley rat (Roberts et al., 1985b) . Since this increase was most dramatic in the ventral-lateral portion of the central nucleus, this region was the focus of the present study to gain a better understanding of the normal neuronal circuitry of GABA neurons.
Methods
Seven adult Sprague-Dawley rats obtained from Simonsen 9 Laboratories (Gilroy, CA) were used in this study. Three of the animals received a 10 ~tl injection of a 1.0% colchicine solution into the lateral ventricle 24h prior to sacrifice (Ribak et al., 1978) . All animals were deeply anaesthetized with Nembutal and transcardially perfused according t-o one of three protocols. Two of the animals pretreated with ~colchicine were perfused according to procedure 1 (Zahm et al., 1985) . Initially, 30-50 ml of phosphate-buffered saline (PBS) containing 2.5% sucrose and 0.5% procaine were perfused to clear all vessels of blood cells. Then 300 ml of the fixative, containing 4% paraformaldehyde, 0.1% glutaraldehyde and 2.5% sucrose in 0.07M phosphate buffer (pH 7.4, 25~ were perfused for about 15 rain followed by 100 ml of PBS and 2.5% sucrose. Following the perfusions, the inferior colliculi were dissected out and placed in PBS and 15% sucrose until they sunk. The excess sucrose was blotted off the tissue prior to its immersion in liquid nitrogen. The blocks were then brought to room temperature and sectioned on a vibratome. Other rats pretreated with colchicine were perfused according to a second procedure (Mugnaini, 1985) which has four stages: (i) 100ml per rat of Ringer's solution containing 0.85% NaC1, 0.25% KC1 and 0.02% NaHCO3 (pH 7.3; 37 ~ C); (ii) 300 ml per rat of 4% paraformaldehyde and 0.2% glutaraldehyde in 0.1M phosphate buffer (pH 6.9; 25~ (iii) 100ml per rat of 0,1 M phosphate buffer ~pH 7.2; 25 ~ (iv) 500 ml per rat of 4% paraformaldehyde in 0.1M phosphate buffer (pH 7.2; 25~ Three other rats which did not receive colchicine were perfused according to a third protocol (Mugnaini, 1985) ~ These animals were perfused with 100 ml per rat of Ringer's solution followed by 4% paraformaldehyde and 0.2% glutaraldehyde in 0.1 M phosphate buffer (pH 7.2; 25 ~ C), and then by 500 ml per rat of 4% paraformaldehyde in 0.1 M phosphate buffer (pH 7.2; 25 ~ C). The animals were placed in the refrigerator and the brains were removed the next day.
The inferior colliculi from all animals were sectioned on an Oxford Vibratome in the coronal plane at a thickness of 50 ,m. Blocks were cut from the ventral-lateral portion of the central nucleus of the IC from sections obtained from the middle of the rostrocaudal axis. This region consists of the entire ventral half ot the ICCN shown in the middle diagram of the frontal series in Fig. 11 from Faye-Lund & Osen (1985) . The tissue was then incubated in anti-GAD serum (Oertel et al., 1981) or anti-GABA serum (Irnmunonuclear Co.) followed by subsequent incubations in reagents obtained from an avidin-biotin peroxidase kit (Vectastain, Vector Laboratories, Inc.). The details of these methods have been described previously (Roberts et at., 1985bL These tissue blocks were postfixed in 1.0% OsO4 for 30-60 min, dehydrated in ethanol and embedded in Epon 812. Semithin (1-3 ~m) sections were cut from embedded specimens and examined with a light microscope for immunostaining. Serial thin sections were cut on a Sorvall ultramicrotome, mounted on Formvar-coated slot grids, stained with uranyl acetate and lead citrate and examined with the electron microscope.
Immunoreactive somata, dendrites and axons were identified by the presence of electron-dense reaction product associated with cytoplasmic organelles. Since reaction product was invariably associated with the plasma membranes of these profiles, symmetric synapses at such sites were often difficult to identify with certainty The criteria used to identify a synapse included: a few synaptic vesicles clustered at J:he presynaptic membrane, parallel pre-and postsynaptic membranes, and increased electron density in the synaptic cleft. In some cases the identification of these features was hindered by the presence of immunoreaction product.
Results
Several morphological types of GABAergic neurons, puncta and processes were identified in semithin
